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 Gestational diabetes mellitus (GDM) is a prevalent complication during 

pregnancy that poses risks to both maternal and fetal health. This study 

aims to elucidate the intricate relationship between stress and the 

development of GDM, highlighting how stress-related hormonal 

fluctuations and behavioral changes—such as increased cortisol levels, 

inflammation, disrupted sleep patterns, and poor dietary choices—

contribute to insulin resistance and glucose dysregulation. We examine the 

influence of stress on hormonal and lifestyle factors associated with GDM 

and evaluate interventions that manage stress-related metabolic 

disturbances. Elevated levels of stress hormones (like cortisol and 

adrenaline) and inflammatory markers (such as IL-6 and TNF-α) are 

linked to an increased risk of GDM due to their detrimental effects on 

insulin sensitivity. Our findings suggest that effective interventions, 

including mindfulness practices, cognitive-behavioral therapy, and regular 

physical activity, can reduce cortisol levels and enhance glucose 

regulation. This underscores the necessity of addressing both the 

metabolic and psychological dimensions of GDM. Current evidence 

supports the integration of stress-reduction strategies—such as 

mindfulness, cognitive-behavioral therapy, and exercise—into GDM 

management, as they can improve glycemic control by lowering cortisol 

and enhancing insulin sensitivity. Recognizing stress as a modifiable risk 

factor for GDM is crucial for improving maternal and fetal outcomes, 

emphasizing the importance of incorporating stress management into 

GDM prevention and treatment protocols. 
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Introduction 

estational diabetes mellitus (GDM) is 

one of the most common 

complications of pregnancy 

worldwide, affecting 7–18% of pregnancies 

and posing significant risks to both maternal 

and fetal health1. GDM is defined as glucose 

intolerance first recognized during pregnancy 

and can lead to serious complications such as 

preeclampsia, macrosomia, preterm birth, and 

an increased long-term risk of type 2 diabetes 

for both the mother and child. In addition to 

traditional risk factors like maternal age, BMI, 

and genetic predisposition, recent research 

emphasizes the important and intricate role of 

psychosocial stress in the pathophysiology of 

GDM2,3. 

This condition affects approximately 6-7% 

of pregnancies globally, with notable 

variations across different populations and an 

increasing incidence linked to rising obesity 

rates and advancing maternal age4. GDM 

carries significant risks for both mother and 

fetus, including an increased likelihood of 

maternal type 2 diabetes mellitus (T2DM) 

postpartum and metabolic disorders in the 

offspring5. Although GDM has a multifactorial 

etiology, there is growing recognition of 

psychosocial stress as a significant 

contributing factor. Research indicates stress 

can interfere with glucose homeostasis via 

complex neuroendocrine, immune, and 

metabolic mechanisms6. Stress, as a mental or 

emotional strain arising from challenging 

circumstances, is known to impact various 

metabolic and cardiovascular processes. 

During pregnancy, physiological and 

psychological changes can intensify stress 

responses, potentially worsening metabolic 

dysfunction in susceptible individuals. Studies 

have shown that stress influences behavioral 

aspects—such as diet and physical activity—

and biological processes critical for glucose 

metabolism7. Understanding the interaction 

between stress, glucose regulation, and GDM 

is essential, especially considering GDM’s 

association with perinatal complications and 

increased risk of chronic health conditions for 

both mother and child2,8.  

The relationship between stress and GDM 

is increasingly acknowledged, with recent 

studies investigating how physiological 

mechanisms related to stress can affect the 

onset and severity of GDM. Chronic stress, 

particularly through hormonal dysregulation 

and inflammation, is known to worsen insulin 

resistance, which is a fundamental feature of 

GDM pathophysiology9. Stress hormones like 

cortisol and catecholamines can elevate blood 

glucose levels by stimulating gluconeogenesis 

and lipolysis, impairing insulin sensitivity, and 

promoting systemic inflammation, all of which 

put strain on pancreatic beta cells and disrupt 

glucose regulation10. The resulting cycle of 

stress and hyperglycemia poses risks to both 

maternal and fetal health, including 

macrosomia, preterm birth, and an increased 

likelihood of the mother developing type 2 

diabetes postpartum. Research also highlights 

the role of placental stress and inflammation in 

GDM11. In women with GDM, placental 

tissues reveal heightened expression of stress 

markers, which may affect fetal development 

and predispose offspring to metabolic 

conditions later in life. Increased oxidative 

stress and inflammatory cytokines in the 

placenta can disrupt normal fetal growth 

patterns and lead to long-term health 

consequences, perpetuating cycles of 

metabolic dysfunction across generations12.  

Recognizing the influence of stress on 

GDM opens avenues for intervention. 

Strategies to reduce stress responses, such as 

mindfulness practices, dietary changes, and 

potentially pharmacological treatments 

targeting inflammation and oxidative stress, 

are currently under investigation. For example, 

antioxidants and anti-inflammatory agents 

have shown potential in preclinical models, 

although more research is needed to establish 

their efficacy and safety during pregnancy12,13. 

Additionally, emerging research on biomarkers 

G 
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and targeted therapies based on individual stress 

and metabolic profiles suggests promise for 

customized management of GDM. These 

findings highlight the necessity of proactively 

managing stress in pregnant women, 

particularly those at risk for GDM, through both 

clinical and lifestyle interventions, however, 

research continues to clarify these complex 

interactions14. This holistic approach may 

improve outcomes for mothers and their 

children by mitigating the metabolic effects of 

stress in pregnancy and beyond. 

The goal of this study is to delineate the 

impact of stress on the onset and progression of 

GDM by exploring the physiological 

mechanisms that connect stress to insulin 

resistance and glucose dysregulation. 

Specifically, it seeks to identify the roles of 

elevated stress hormones such as cortisol, 

inflammatory markers, and lifestyle factors like 

diet and sleep patterns contributing to GDM. The 

study will also evaluate potential interventions to 

manage stress-induced metabolic disruptions, 

ultimately aiming to enhance health outcomes 

for both mother and fetus. 

The Role of Stress in GDM Onset and 

Development 

Stress is increasingly recognized as a critical 

factor in the onset and development of GDM. 

Various psychosocial stressors, including 

work-related pressures, financial strain, 

relationship challenges, and specific concerns 

related to pregnancy, activate the body’s stress 

response primarily via the hypothalamic-

pituitary-adrenal (HPA) axis and the 

sympathetic nervous system15. This activation 

leads to the release of stress hormones, 

particularly cortisol and catecholamines 

(adrenaline and noradrenaline), which directly 

impacts glucose metabolism. Chronic stress 

can result in impaired glucose regulation, 

systemic inflammation, and oxidative stress, 

all of which contribute to insulin resistance and 

subsequently, GDM16. 

Physiological Mechanisms Linking Stress 

and GDM 

The influences of stress on glucose metabolism 

operate through several physiological 

mechanisms, primarily mediated by the HPA 

axis and the sympathetic nervous system. 

1) Hypothalamic-Pituitary-Adrenal (HPA) 

Axis and Glucocorticoid Release 

Chronic stress activates the HPA axis over 

time, resulting in elevated secretion of 

corticotropin-releasing hormone (CRH) and 

increased levels of adrenocorticotropic hormone 

(ACTH), which stimulates the adrenal cortex to 

produce cortisol. This glucocorticoid has a 

significant role in glucose metabolism17,18. High 

cortisol levels enhance hepatic gluconeogenesis 

while reducing glucose uptake in peripheral 

tissues, leading to insulin resistance and 

increased blood glucose levels. Research 

indicates that chronic activation of the HPA axis 

can surpass the body's ability to maintain glucose 

homeostasis during pregnancy, heightening the 

risk of GDM19.  

2) Sympathetic Nervous System Activation 

and Catecholamine Release 

Stress also triggers the sympathetic nervous 

system (SNS), resulting in the release of 

catecholamines such as adrenaline and 

noradrenaline. These hormones promote liver 

glucose release and suppress insulin secretion, 

contributing to peripheral insulin resistance20.  

The combined effects of cortisol and 

catecholamines exacerbate glucose 

intolerance, especially in the insulin-resistant 

state typical during pregnancy, thereby 

expanding the risk of GDM21.  

3) Inflammatory Response and Cytokine 

Release 

The immune system's activation due to 

stress results in increased production of pro-

inflammatory cytokines, including interleukin-

6 (IL-6) and tumor necrosis factor-alpha (TNF-

α). These cytokines hinder insulin signaling by 

impairing glucose uptake, intensifying insulin 

resistance22. Inflammation also leads to 

oxidative stress, linked to pancreatic β-cell 

dysfunction and compromised insulin 

secretion. Elevated levels of cytokines have 

been documented in GDM patients, illustrating 

a strong connection between chronic 

inflammation and glucose dysregulation12,23. 

4) Oxidative Stress and β-Cell Dysfunction  
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Oxidative stress, frequently intensified by 

chronic stress and inflammation, can damage 

pancreatic β-cell function by harming cellular 

structures and DNA. Such damage disrupts 

insulin secretion and increases glucose 

intolerance. Notably, oxidative stress markers, 

such as reactive oxygen species (ROS), are 

substantially elevated in GDM, suggesting a 

mechanistic relationship between stress-

induced oxidative damage and β-cell 

dysfunction associated with GDM24.  

5) Insulin Resistance and β-Cell 

Dysfunction 

Pregnancy naturally increases insulin 

resistance to support the growing fetus's 

glucose needs, typically balanced by a rise in 

insulin secretion from pancreatic β-cells. 

However, stress-related hormonal and 

inflammatory responses can overwhelm the 

compensatory mechanisms of β-cells, resulting 

in inadequate insulin secretion relative to 

heightened resistance. This imbalance leads to 

increased blood glucose levels and a 

heightened risk of GDM25.  

Behavioral Pathways: The Role of Lifestyle 

and Psychosocial Factors 

Behavioral reactions to stress, including 

alterations in diet, physical activity, and sleep 

patterns, further mediate the connection 

between stress and GDM. Emotional stress can 

result in unhealthy coping strategies, such as 

increased intake of high-sugar, high-fat foods, 

and reduced physical activity, both 

contributing to weight gain and compromised 

glucose tolerance26. Stress also adversely 

impacts sleep quality and duration, both 

crucial for maintaining insulin sensitivity; 

insufficient sleep has been associated with 

increased insulin resistance and a greater 

incidence of GDM. As such, stress-induced 

behavioral responses not only worsen insulin 

resistance but also reveal potential avenues for 

preventative interventions that focus on 

modifiable lifestyle factors27.  

Potential Interventions to Mitigate the Impact 

of Stress on GDM 

Considering the robust relationship between  

stress and GDM, interventions aimed at stress 

reduction are vital for managing GDM risk and 

its associated complications. Effective 

interventions can be divided into 

psychological, lifestyle, and pharmacological 

approaches, each addressing different aspects 

of the stress-GDM relationship28. 

1) Psychological Interventions 

Psychological interventions have shown 

promise in reducing stress and enhancing 

metabolic outcomes for pregnant women. 

Cognitive-behavioral therapy (CBT) and 

mindfulness-based stress reduction (MBSR) 

are common interventions linked to reduced 

cortisol levels and improved glycemic 

control29. Mindfulness practices such as 

meditation, yoga, and deep-breathing exercises 

have been shown to decrease HPA axis 

hyperactivity and lower cortisol levels, thereby 

helping regulate glucose levels in pregnant 

women with or at risk for GDM. A randomized 

controlled trial indicated that pregnant women 

participating in mindfulness programs reported 

lower perceived stress and improved glucose 

tolerance comparing control groups13,30.  

2) Lifestyle Interventions 

Dietary changes and exercise are crucial in 

managing GDM as well as in reducing stress. 

Physical activity has been found to increase 

insulin sensitivity and lower cortisol levels, 

helping relieve both stress and glucose 

intolerance. Regular exercise, such as walking 

or prenatal yoga, can benefit pregnant women. 

A balanced diet, emphasizing whole foods and 

reducing refined sugars, helps stabilize blood 

glucose levels, alleviates the metabolic burden 

on pregnant women, and mitigates stress-

related glucose spikes31,32. Additionally, a diet 

rich in fiber, complex carbohydrates, and lean 

proteins can further regulate blood sugar and 

reduce inflammation, while avoiding high-

glycemic foods can lessen stress on the 

pancreas, benefitting GDM management33.  

3) Pharmacological Interventions 

While typically seen as a secondary option, 

pharmacological interventions can serve a 

significant role for pregnant women dealing with 

severe GDM and stress-related hyperglycemia. 
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Selective serotonin reuptake inhibitors (SSRIs) 

have the potential to alleviate stress, although 

their use must be managed carefully during 

pregnancy. Moreover, insulin-sensitizing agents 

like metformin have been explored for their dual 

effects on glucose regulation and possible  

anti-inflammatory benefits for pregnant women 

with GDM 34,35. 

4) Social Support and Prenatal Care 

Social support, counseling, and structured 

prenatal education initiatives are essential in 

managing stress and GDM care. These 

resources can provide reassurance, alleviate 

anxiety, and empower women to handle stress 

more effectively during pregnancy. Research 

indicates that robust social support networks 

correlate with improved metabolic outcomes 

and lower GDM incidence36. Furthermore, 

structured prenatal education can empower 

women by enhancing knowledge and self-

efficacy, positively influencing maternal 

mental health and metabolic results37. 

Implications of Stress-Induced GDM on 

Maternal and Fetal Health 

The interaction between stress and GDM has 

significant implications for both maternal and 

fetal health. GDM is associated with various 

adverse outcomes, including preeclampsia, 

cesarean delivery, macrosomia, and neonatal 

hypoglycemia. Additionally, maternal stress, 

which can occur independently of GDM, 

correlates with increased risks of preterm birth, 

low birth weight, and developmental issues in 

offspring38. The combined effects of stress and 

GDM may create compounded risks for 

unfavorable maternal and fetal health 

outcomes. Moreover, children born to mothers 

with GDM are at a heightened risk for obesity, 

metabolic syndrome, and type 2 diabetes 

mellitus (T2DM) later in life, underscoring the 

need for effective interventions aimed at 

addressing both stress and GDM during 

pregnancy39. Implementing comprehensive 

care that incorporates stress management into 

GDM prevention and treatment protocols 

could yield significant benefits and support the 

case for broader adoption of these strategies in 

prenatal care settings. 

Discussion 

The prevalence of GDM is rising globally, 

marking it as a public health concern with 

potential repercussions for the mother and her 

offspring40. The relationship between stress 

and GDM highlights the complex connections 

among psychological health, hormonal 

regulation, and glucose metabolism during 

pregnancy. Chronic stress activates the 

hypothalamic-pituitary-adrenal (HPA) axis 

and the sympathetic nervous system (SNS), 

contributing significantly to the development 

and worsening of GDM41. This discussion 

explores the physiological pathways involved 

in this relationship and evaluates the potential 

effects of stress-reducing interventions on 

maternal and fetal health42. 
The mechanisms through which stress 

affects glucose regulation include activation of 
the HPA axis and SNS, both crucial for 
metabolic adaptation during pregnancy. 
Chronic stress results in prolonged cortisol 
secretion from the HPA axis, causing 
hyperglycemia and insulin resistance by 
promoting gluconeogenesis and inhibiting 
insulin-stimulated glucose uptake in tissues 43. 
During pregnancy, cortisol levels naturally rise 
due to placental corticotropin-releasing 
hormone (CRH) release, creating an 
environment where stress can further disrupt 
glucose balance and lead to GDM44. SNS 
activation, characterized by the release of 
catecholamines like epinephrine and 
norepinephrine, further enhances hepatic 
glucose output while reducing pancreatic 
insulin secretion, intensifying cortisol’s 
adverse effects on glucose metabolism. 
Therefore, the combined hormonal changes 
during pregnancy may elucidate the increased 
risk of GDM in individuals experiencing 
chronic stress, whose existing insulin 
resistance could be exacerbated by stress-
related neuroendocrine responses45. 

Chronic stress is linked to low-grade 

systemic inflammation, playing a critical role 

in the emergence of insulin resistance, which 

is central to the pathophysiology of GDM46. 

Elevated inflammatory cytokines, such as  
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TNF-α and IL-6, disrupt insulin signaling 

pathways, culminating in glucose intolerance 

and insulin resistance23. Studies have indicated 

that pregnant women with heightened stress 

levels exhibit increased concentrations of these 

pro-inflammatory markers, correlating with 

elevated GDM risk. Additionally, oxidative 

stress resulting from prolonged stress exposure 

fosters the accumulation of reactive oxygen 

species (ROS), which can damage pancreatic 

β-cells and diminish insulin production. This 

oxidative impairment amplifies the impact of 

inflammatory markers on glucose metabolism, 

increasing the likelihood of insulin resistance 

and GDM47. 

Given the substantial influence of stress on 

the onset and progression of GDM, stress-

reduction interventions show promise for 

enhancing maternal and fetal outcomes48. 

Psychological strategies, including cognitive-

behavioral therapy (CBT), mindfulness-based 

stress reduction (MBSR), and yoga, have 

demonstrated effectiveness in reducing stress 

while improving metabolic outcomes in 

pregnant women. Furthermore, lifestyle 

changes, such as diet and exercise programs, 

have proven beneficial in lowering GDM risk 

by improving insulin sensitivity and curtailing 

inflammation29. 

Although pharmacological interventions 

are generally not the primary approach for 

stress-related glucose dysregulation, they may 

be considered in cases where psychological 

and lifestyle interventions fall short. Selective 

serotonin reuptake inhibitors (SSRIs) and 

other antidepressants have been examined for 

their potential to mitigate stress and its 

metabolic consequences, though further 

investigation is needed to establish their safety 

and efficacy in pregnant populations49. 

Addressing stress as a modifiable risk factor 

for GDM presents an opportunity to enhance 

outcomes for both mothers and their children. 

Effective stress management may decrease the 

incidence of GDM, thereby lowering the 

likelihood of complications such as 

preeclampsia, macrosomia, and preterm 

delivery. Moreover, preventing GDM carries 

long-term benefits, including diminished risks 

of type 2 diabetes for both mother and child 

and improved metabolic health in offspring50. 

Previous research has indicated that maternal 

hyperglycemia and GDM may lead to 

congenital heart diseases (CHD), hypertrophic 

cardiomyopathy (HCM), and heart diastolic 

action disability51,52. Thus, incorporating stress 

management strategies into GDM prevention 

and treatment programs can offer notable 

benefits, advocating for a holistic approach to 

maternal-fetal health53. The relevance of this 

research lies in its ability to bridge a crucial 

gap in maternal-fetal health by recognizing 

stress as a modifiable risk factor for GDM. By 

understanding how stress biologically 

predisposes certain pregnant women to GDM, 

healthcare providers can devise targeted 

strategies to mitigate these risks54. The 

findings could inform integrated care models 

that fuse stress management into GDM 

prevention and treatment, ultimately reducing 

GDM-related complications and enhancing 

long-term health prospects for mothers and 

children55. 

The relationship between stress and GDM is 

multifaceted, involving various physiological 

pathways that affect glucose metabolism, insulin 

resistance, and β-cell function. Chronic stress 

triggers the HPA axis and SNS, leading to 

persistent cortisol and catecholamine release, 

inflammation, and oxidative stress, all 

contributing to GDM development and 

progression. Acknowledging stress as a crucial 

factor in GDM allows for a more comprehensive 

prevention and treatment approach, integrating 

psychological, lifestyle, and pharmacological 

interventions tailored to alleviate stress and 

enhance glycemic control. As research continues 

to advance in this domain, a holistic approach to 

GDM care that incorporates stress management 

strategies holds substantial promise for 

improving maternal and fetal health, thereby 

reducing the immediate and long-term 

implications of this increasingly prevalent 

pregnancy complication. 

Future Research Directions 

Future research directions should focus on  
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several key areas to deepen understanding of 

the interplay between stress and GDM. 

Investigating the epigenetic mechanisms that 

underlie the transgenerational effects of GDM 

could provide insights into how maternal stress 

and metabolic dysregulation impact future 

generations. Additionally, the development of 

novel biomarkers for early prediction and risk 

stratification of GDM would enhance the 

ability to identify at-risk populations and 

implement preventive measures promptly. 

Furthermore, personalized management 

strategies that take into account individual 

genetic and metabolic profiles could lead to 

more effective interventions tailored to each 

patient's unique needs. Emphasizing these 

areas of research will contribute to developing 

a comprehensive approach to reduce the 

prevalence and impact of gestational diabetes 

mellitus. 

Conclusion 

The connection between stress and GDM 

represents a pivotal focus in maternal-fetal 

medicine, with considerable implications for 

both short- and long-term health. The 

pathways through which stress influences 

glucose metabolism are varied, involving 

neuroendocrine, immune, and behavioral 

mechanisms. Acknowledging the role of stress 

in GDM etiology may pave the way for more 

comprehensive care models that incorporate 

stress management into standard prenatal care. 

Early intervention and targeted support for 

stress reduction could serve as essential tools 

for mitigating GDM risk, improving 

pregnancy outcomes, and fostering lasting 

health benefits for mothers and their children. 
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